Longitudinal Joint Forming in PCC Pavements, MLR-00-05, Construction Report, 2003 by unknown
  
 
 
Longitudinal Joint Forming 
In PCC Pavements 
 
 
 
 
 
 
 
 
 
 
 
Construction Report 
for 
MLR-00-05 
 
 
 
 
 
June 2003 
 
 
 
 
     Highway Division 
 
 
 
 
 
 
 
 Iowa Department 
Of Transportation 
  
 
 
Longitudinal Joint Forming 
In PCC Pavements 
 
 
 
 
 
 
Construction Report 
for 
MLR-00-05 
 
 
 
 
 
 
By 
Robert Steffes 
Assistant to the Research Engineer 
515-239-1392 
Fax:  515-817-6594 
 
and 
 
Ananto Prasetyo 
Materials Research 
515-233-7915 
Fax:  515-239-1092 
 
 
 
 
 
Office of Materials 
Highway Division 
Iowa Department of Transportation 
Ames, Iowa 50010 
 
 
 
June 2003 
TECHNICAL REPORT TITLE PAGE 
___________________________________________________________________________________________  
1.  REPORT NO. 2.  REPORT DATE 
 
 MLR-00-05  June 2003 
___________________________________________________________________________________________  
3.  TITLE AND SUBTITLE 4.  TYPE OF REPORT & PERIOD COVERED 
 
     Longitudinal Joint Forming in PCC Pavements  Construction Report, 1-00 to 1-03 
___________________________________________________________________________________________  
5.  AUTHOR(S 6.  PERFORMING ORGANIZATION ADDRESS 
 
     Robert Steffes  Iowa Department of Transportation  
 Assistant to the Research Engineer  Office of Materials 
    800 Lincoln Way 
 Ananto Prasetyo  Ames, Iowa  50010 
 Materials - Research 
___________________________________________________________________________________________  
7.  ACKNOWLEDGMENT OF COOPERATING ORGANIZATIONS/INDIVIDUALS 
 
___________________________________________________________________________________________  
8.  ABSTRACT 
 
In conventional construction practices, a longitudinal joint is sawed in a PCC (Portland Cement 
Concrete) pavement to control concrete shrinkage cracking between two lanes of traffic.  Sawing a joint 
in hardened concrete is an expensive and time consuming operation. The longitudinal joint is not a 
working joint (in comparison to a transverse joint) as it is typically tied with a tie bar at 30 inch spacing. 
The open joint reservoir, left by the saw blade, typically is filled or sealed with a durable crack sealant to 
keep incompressibles and water from getting into the joint reservoir.  An experimental joint forming 
knife has been developed. It is installed under the paving machine to form the longitudinal joint in the 
wet concrete as a part of the paving process.  Through this research method, forming a very narrow 
longitudinal joint during the paving process, two conventional paving operations can be eliminated.  
Joint forming eliminates the need of the joint sawing operation in the hard concrete, and as the joint that 
is formed does not leave a wide-open reservoir, but only a hairline crack, it does not need the joint filling 
or sealing operation.  Therefore, the two conventional longitudinal joint sawing and sealing operations 
are both being eliminated by this innovation. 
 
A laboratory scale prototype joint forming knife was built and tested, initially forming joints in small 
concrete beams.  The results were positive so the method was proposed for field testing.  Initial field 
tests were done in the construction season of 2001, limited to one paving contractor.  A number of 
modifications were made to the knife throughout the field tests.  About 3000 feet of longitudinal joint 
was formed in 2001.  Additional testing was done in the 2002 construction season, working with the 
same contractor. About 150,000 feet of longitudinal joint was formed in 2002. 
 
Evaluations of the formed joints were done to determine longitudinal joint hairline crack development 
rate and appearance.  Additional tests will be done in the next construction season to improve or perfect 
the longitudinal joint forming technique. 
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DISCLAIMER 
 
The contents of this report reflect the views of the 
author(s) and do not necessarily reflect the official 
views or policy of the Iowa Department of 
Transportation.  This report does not constitute a 
standard, specification or regulation. 
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INTRODUCTION 
A longitudinal joint is sawed in a PCC highway to control concrete shrinkage cracking between 
lanes of traffic.  Sawing a joint in hardened concrete is an expensive and time consuming 
operation. The longitudinal joint is not a working joint (in comparison to a transverse joint) as it 
is typically tied with tie bars at 30 inch spacing.  The open joint reservoir, left by the saw blade, 
generally is filled or sealed with a durable crack sealant to keep incompressibles and water from 
getting into the reservoir. Development of a method to obtain a longitudinal joint without sawing 
it in the hard concrete along with reducing the need to seal the joint would be a significant 
benefit in the paving industry. 
 
 
DISCUSSION 
Portland cement concrete is primarily hard and strong as a result of the aggregates, mainly the 
large aggregate (rocks) in a concrete mixture. The mixture is held together by cement and water 
(paste). Rocks, in PCC, are generally much harder or stronger than the paste. As a result of the 
random positioning of the rocks in the concrete mix, a shrinkage crack will take a very irregular 
path, generally going around rocks and passing through the paste. Cracks, in PCC, will follow a 
path of least resistance.  
 
An alternate method to create a longitudinal joint in PCC would be to form it, in the process of 
paving, with a steel knife positioned under the paver. The knife, as it passes through the wet 
concrete, will force to the right or to the left, each rock it hits as it moves forward. As the 
concrete closes in again, behind the knife, the two vertical faces of the joint will come together. 
The two faces, joined together will form a vertical plane of weakness (paste) with no large, hard 
rock in that plane. Thereafter, that plane is the weakest plane in the concrete and it becomes the 
longitudinal joint.  After pavement surface finishing operations are completed, the joint would be 
invisible until a hairline crack (the joint) develops which follows the path of the knife. As the 
concrete cures and hardens, it shrinks. The weakened plane, with no large, hard rocks in its path, 
will develop into a controlled, stress-relieving, straight line, longitudinal hairline crack following 
the path left by the joint forming knife. The formed joint is created without any sawing of hard 
concrete. The joint is held closed by center-line tie bars. As no saw blade reservoir is created, no 
joint sealing is required to fill and seal the reservoir. Thus, this method can eliminate the two 
conventional paving operations of concrete sawing and sealing and should also not require the 
maintenance resealing operations some years later. 
 
 
OBJECTIVES 
The primary objective of this research is to develop and field test a device and a method to create 
the longitudinal joint in a PCC paving project by forming it in the plastic concrete during the 
paving process. Following the success of longitudinal joint forming would be a secondary 
objective, to eliminate the longitudinal joint sealing. 
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PROCEDURE 
A laboratory model of a vibrator powered joint 
forming knife was built and tested in concrete 
samples in the DOT laboratory (see Figure 1). 
Information obtained from laboratory tests were 
passed on to the Iowa Concrete Paving 
Association (ICPA) and individual PCC paving 
contractors for their evaluation and potential 
field trials. 
 
 
 
 
 
 
FIELD TRIALS 
After the concept of longitudinal joint forming 
was presented to the PCC paving industry in 
January of 2001 the paving contractor, Fred 
Carlson Co. Inc, proposed to construct a joint 
forming device on the rear of their paver and to 
do field trials in a DOT PCC paving project. 
Field tests starting in May 2001, on highway US 
218 in Henry County. Seven independent test 
sections were constructed in the 2001 paving 
season covering a total of about 3000 feet of 
longitudinal joint. Several modifications to the 
knife design (see Figure 2) were made 
throughout the 2001 testing period. Results of the 
joint forming trials are given, (see Appendix A), 
field trials 1 through 7). 
 
Longitudinal joint forming field trials were 
continued in the 2002 paving season again with 
the paving contractor Fred Carlson Co. Inc, 
Based upon experience gained in the 2001 
paving season only minor modifications were 
made in the 2002 season. The most significant of 
those changes were 1) the addition of a front 
knife in line with the existing rear knife (starting 
with project 8, see Figure 3), 2) installing 
twin/parallel knives, set at 5 ft from each 
shoulder, for a special project with multiple 
longitudinal joints (project 8, see Figure 4) and 
3) the addition of rubber bushings to the 
mounting points of the rear knife/vibrator 
Figure 2.  Rear mounted joint forming knife 
under the floating pan. 
Figure 3.  Front mounted joint forming knife, 
near paver vibrators. 
Figure 1.  Laboratory vibrator and beam mold 
with concrete for initial joint forming test. 
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assembly (project 11-2, see Figure 5). Results of 2002 longitudinal joint forming trials are given, 
(see Appendix B, field trials 8 through 11.3).  The detailed field survey done in January 2003 
(see Appendices A and B) showed that some formed joint sites were not yet cracked.  A later 
survey in May 2003 showed that nearly all sites were fully cracked.  Timing of formed joint 
cracking was found to vary from a few days to several months, depending on weather, traffic and 
other conditions.  The majority of joints cracked between one week and one month.  It is 
expected that some sections of longitudinal joint may not crack, even after a long period of time.  
No uncontrolled random cracks developed except for several very short insignificant sections at 
the ends of projects. 
 
 
 
 
 
 
 
Results from cores taken over the formed joint show that a very distinct joint can be constructed 
by joint forming in the plastic concrete. The joint develops into a longitudinal hairline crack as 
the concrete cures over time. Improvements were made by reducing the width of the knife 
throughout the testing period. Shifting of the joint forming knife from the rear of the paver to a 
more forward location is proposed for future tests. That location shift may also eliminate the 
need for any direct vibration applied to the knife. The depth of the knife ranged from 2” to 3” 
throughout the tests for pavements depths going up to around 11”. With more joint forming 
experience, the knife depth could likely be reduced.  
 
For field tests in 2003, with different contractors and different paver designs, the location of the 
joint forming knife, need for one or more knives and the need for some vibration may be 
changed depending mainly on the paver’s method or location of centerline tie bar insertion. 
 
Continuation of longitudinal joint forming field trials are scheduled for the 2003 paving season 
to determine if the joint forming technique is ready to be an option to be put into future project 
plan specifications. 
 
 
IMPLEMENTATION  
Experience gained from field trials will be used to introduce the joint forming technique into the 
paving industry as a means to gain a substantial cost and time savings in longitudinal joint 
Figure 4.  One of the twin parallel rear mounted 
joint forming knives. 
Figure 5.  Rear mounted joint forming knife 
with vibrator and rubber isolator mounts. 
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construction through the elimination of longitudinal joint sawing and joint sealing. 
 
 
RESPONSIBILITIES 
The office of Materials and the office of Construction will be responsible for the research. 
Authorization to use the longitudinal joint forming procedure in a DOT paving project will be 
given through the office of Construction. Report writing will be done by the Office of Materials. 
 
 
COST 
No specific funding will be allocated for this project. The DOT will perform the laboratory 
testing and the paving contractors will cooperate by performing the field tests. Cost savings 
should range from $ 0.50 to $ 1.00 per linear ft of joint depending on hardness of aggregate and 
cost of sealant. 
 
 
REPORTING 
A construction report will be written after two seasons of field tests.  Intermediate reports will be 
written each following year until the final report at 5 years age. 
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Open formed joint left by wide knife. 
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02) Hwy 218, SBL, Sta 863+37, Mt. Pleasant, Henry Co. 1/8/03 
Open formed joint left by wide knife. 
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03) Hwy 34, EBL, Sta 255+85, Mt. Pleasant, Henry Co. 1/8/03 
Formed joint hairline c:rack. 
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Formed joint halr11ne crack. 
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06) Hwy 218, NBL, Sta 853+21, Mt. Pleasant, Henry Co. 1/8/03 
End of fonned joint test section. 
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~~~l~~W ~@~@ @W@Y~I 
I !~~~™J~f@~ ~@M~fW 
P.C.C. PAVING 
FROM EAST CITY LIMITS OF WASHINGTON 
TO AINSWORTH 
STP-q2-q(7 4 )--2c-q2 
ST A. 554+8 l.32 
STA. 258+26.18 
BEGIN PROJECT 
STOP DIVISION 1 
BEGIN DIVISION 2 
r . ll ' l3 
ST A. 5g4+g7 .63 
END DIVI SION 2 
RESUME DIVISION 
LOCATION MAP SCALE 
R-7-11 0 
I 
I _ 2 3 
WW -~ 
· Miles 
ST A. 604+00.00 
END PROJECT 
R-6-11 
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24
07) Hwy 92, CL, Sta 280+24, Washington, Washington Co. 1/8/03 
Beginning of formed joint test section. 
25
07) Hwy 92, CL Sta 280+06, Washington, Washington Co. 1/8/03 
Random crack, 8' long, at beginning of joint test section. 
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~~Iowa Department of Transportation 
• H. h o··· 19 way IVISIOn 
PLANS OF PROPOSEO IMPROVEMENTS ON THE 
~~~~~~W ~©~© ~W®1~~ 
@~~~I~~~ ~@M~f W 
PCC OVERLAY 
ON IA 13, FROM THE NORTH CITY LIMITS OF MANCHESTER TO IA 3. 
STP-13-2(33)--2C-28 
STA. 528+00 
END PROJECT 
MP.25.Gq 
z 
0 
(]' 
1 
I-
z (]' 
CX) 
I 
I-
R-6W 
• 
STA. 22+ 16 
BEGIN PROJECT 
MP.43Jq 
R-5W 
LOCATION MAP SCALE 
0 2 4 6 
I ~--•. 
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08) Hwy 13, Sta 85+00, Manchester, Delaware Co. 1/7/03 
Formed joints 5 feet from each shoulder. 
Note white tips of fibers in the PCC. 
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f;i.~ Iowa Department of Transportation 
"'* Highway Division 
PLANS OF PROPOSED IMPROVEMENT ON THE 
Wl [ffi~IMJ t,%[FJ w [ffi@t,%@ ~ w ~1 ~!Ml 
(C~~(C~~~~ I (C@MrMYW 
P .C.C. PAVEMENT I GRADE AND NEW 
ON U.S. 63 NEW HAMPTON BY-PASS 
FROM 0.7 KM NORTH OF 
U.S. 18 I IA. 346 NORTH TO I & M R.R. 
NHSX-63-8(21)--3H-1 q 
GUARDRAIL LOCATION 
0 
KllOl£TERS 
R-13W R-12W 
5 
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fi,~ Iowa Department of Transportation 
,,,. Pro;ect Development Division 
PLANS Of PROPOSED IMPROVEMENT ON THE 
~~ ~ ~ffiH~W ~©~© ~W~tr~i 
~~~~[}'(!~~I ~@~~1W 
P.C.C. PAVEMENT I GRADE AND NEW 
ON U.S. 63 NEW HAMPTON BY-PASS 
FROM 2.1 KM SOUTH OF U.S. 18 N. TO SOUTH OF 240TH ST. 
NHSX-63-8(17)--3H-19 
_Jl 
STA. 102+00.00 
END PROJECT 
~--i..--tt-~~~.-~::..i+-....;;;;i;;;;.,-t+~;_-fl ..... ~-¥- M.P. 1 qs,081 
16 
R-13W 
LOCATION HAP SCALE 
0 2 3 4 5 
-------KtLMTERS 
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( 
/.%,~Iowa Department of Transportation 
'W Highway Division 
PLANS OF PROPOSED IMPROVEMENT ON THE 
PCC PAVING-NEW 
NEW HAMPTON BY-PASS FROM l&M R.R. TO E. FORK OF WAPSI RIVER 
NHSX-63-8(44 }--3H- l q 
R-13W R-12W 
LOCATION MAP SCALE 
0 2 3 4 5 ____ ._.__
KILOMETERS 
STA. 181+80.685 
END DIVISION 2 
BEGIN DIVISION 1 
ST A. 173+84. q35 
ENO DIVISION 1 
BEGIN DIVISION 2 
STA. 172+qq.320 
BEGIN PROJECT 
DIVISION 1 
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09.1) Hwy 63, NBL, Sta 54+00 (M.P. 195+95), New Hampton, Chickasaw Co. 1/7/03 
Fonned longltudlnal joint. 
	

	 	


  
!"#"!! 
$#"!!#%%&'(!&) 
*+ ,,,-(#&." 
	 /! 
 !  "#$%&'& 
00 0102 3( "% 
0100 3(
0100 4#.!"%
00100 4#.!"%
55100 3(
5100 3(
56100 4#.!"%
57162 4#.!"%
700 57162 3(
57100 3(
52100 3(
5100 3(
5100 3(
5100 4#.!"%
5100 4#.!"%
50100 4#.!"%
5100 4#.!"%
100 3(
6100 3(
7100 3(
2100 3(
172 3( 41728/  712
600 172 3(
100 3(
100 3(
100 3(
100 3(
0100 4#.!"%
65100 4#.!"%
6100 4#.!"%
66100 3(
67100 4#.!"%
62100 3( 4621008/  7152
6100 3(
4 +61000102
& + (# 6#%

38
09.2) Hwy 63, Sta 74+00, New Hampton, Chickasaw Co. 1/7/03 
Formed joint plus sawed joint at beginning of test section. 
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e Iowa Department Of Transportation 
Highway Division 
PLANS OF PROPOSED IMPROVEMENT ON THE 
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P.C.C. PAVEMENT - GRADE AND NEW 
FROM NORTH OF 130TH STREET NORTH TO 
NORTH OF 2qoTH STREET IN CHICKASAW COUNTY 
NHSN-218-8(67}--2R-Qq 
R-14W 
R-14W 
Sta. 425+00.000 
ENO DIV .2 AND PROJECT 
(M.P. 220.80) 
STA. 417+12.722 ENO DIV.I 
AND BEGIN DIV .2 
STA. 384+70.000 BREMER 
CHICKSAW COUNTY LINE 
STA. 337+50.000 
BEGIN PROJECT AND DIV. l 
(M.P . 2 15.33) 
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10.1) Hwy 218, SBL, Sta 386+00, Nashua, Bremer/Chickasaw Co. 1/7/03 
Formed joint halrllne crack. 
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I;~ Iowa Department of Transportation 
-...,. Project Development Division 
PLANS OF PROPOSEO IMPROVEMENT ON THE 
~~l~tUHf ~O&i» ~i~T~~ 
~@~~~ ~@~~f W 
PCC PAVEMENT - GRADE/ NEW 
SEGMENT 5 
ON U.S. HIGHWAY 151 FROM NORTH OF COUNTY ROAD D65 TO CASCADE 
NHSX-151-4(85)--3H-53 
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11.1) Hwy 151 , SBL, Sta 383+00, Monticello, Jones Co. 1/8/03 
Fonned joint hairline crack. 
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11.2) Hwy 151 , SBL, Sta 428+00, Cascade, Jones Co. 1/8/03 
Formed joint hairline crack. 
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